REMOVAL OP ALGAE PROM WATERS 


A thesis subioltted 

In partial fulfilment of the requirements 
for the Degree of 

MASTER OP TICMOLOGY 


JU%’ ■‘7« : 


CB "" Tia — K 


by 

fifedhav L. Tikhe 


yhe i ^ 

Ta-S k 


to the 

Department of Oivil Engineering 
Indian Institute of Technology, Kanpur 


August 1969 



CERSIEICSATB 


This is to certify that the present work has been 
done under my supervision and the work has not been submitted 
elsewhere for a degree. 






Dr.^.T.S, Erabhakara Eao 
Associate Professor 
Department of Civil Engineering 
Indian Institute of Technology, Kanpur 


POST GRADUATE C’EIGE^ 
Till, tbe'.is Ins b;ra apni ).'nl 
w.t ! I r I 0 L>c,i,rc^ of 

j , ' (1 1 LTcii ) 




)* t* to 

'uU 


.an 


-u J 


o; 


jOOU* 


^ : 4 ^ 





ACKUOWLEDSEMMTS 


The author wishes to express his sincere gratitudes 
to Professor A .T .S . Prabhakara Bao for his valuable sugges- 
tions, guidance and constant encouragement while carrying 
out the experiments and in writing this thesis. 

Thanks are also due to Professor G,I>. Agrawal for 
his valuable and critical suggestions from time to time. 

The author wishes to thank Professor B,H, Siddiqi for his 
suggestions about the thesis. 



ACKKOWLEDSEirarTS 


The author wishes to express his sincere gratitudes 
to I^rofessor A.T.S. Prabhakara Eao for his valuable sugges- 
tions, guidance and constant encouragement while carrying 
out the experiments and in writing this thesis. 

Thanks are also due to Professor G,!)* Agrawal for 
his valuable and critical suggestions from time to time. 
The author wishes to thank Professor E,H, Siddiqi for his 
suggestions about the thesis. 



TABIE OF CCSTENaJS 


Bage 

LIST OF FIGUIES Iv 

LIST OF TABLES 

SIHOPSIS yii 

1 . IMTRODUCTIOlSr 1 

1 .2 Aim 3 

1 *3 Scope 4 

2 . LITERATUEE 5 

2.1 Taste and Odor Causing Algae 5 

2 .2 Algae Causing Filter Clogging 6 

2.3 Corrosion Causing Algae 9 

2 .4 Toxic Algae 9 

2 .5 Control of Algae 9 

2.5.1 Chemical Control of Algae 9 

2.5.2 Biological Control of Algae 15 

2.5.3 Physical Control of Algae 16 

3. materials abd methods 

3.1 Types of Algae used in Experiments 19 

5.1.1 Chlorella 19 



3.1 .2 

Ulothrix 

19 

3.1 .3 

Artlirospira 

20 

3.2 

Sources of Algae used in Experiments 

20 

3.2.1 

Source of Chlorella 

20 

3.2.2 

Source of Ulothrix 

20 

3.2.3 

Source of Arthrospira 

20 

3.3 

Chemicals used in the Studj 

22 

3.4 

Ifethods 

23 

EZPERIMEtSTS AND EESUITS 

26 

4.1 

Re moral of Algae with Different 

Chemicals by Plain Sedimentation 

26 

4.2 

Effect of Algicides on Removal of 

Algae by Plain Sedimentation 

26 

4.3 

Effect of Algicides on Removal of 

Algae When Plocculation and 

Sedimentation is Done 

30 

4.4 

Effect of Contact fime given f cr 

Potassium Permanganate on Removal 
of Algae 

50 

4.5 

Effect of Potassium Permanganate on 
the Optimum Dose of Alum 

53 

4.6 

Effect of Potassium Permanganate on 
the Optimum Dose of Perric Chloride 

33 

4.7 

Effect of Chlorine on Algae Removal 

37 

4.8 

Deterndnation of Optimm Contact fime 
for Chlorine for Removal of Algae 

37 

4.9 

Effect of lime on Algae Removal 

40 

4.10 

Effect of Animal Charcoal on Removal of 
Algae 

40 

4.11 

Effect of Iodine on Al^e Removal 

40 



45 


4.12 Experiment on Ulothrti with Potassium 
Permanganate 

4.13 Removal of Low Concentration of Arthro- 
spira dominated Algae with Copper Sulfate, 


Potassium Permanganate and Alum 45 

4.14 Effect of Algicides on Optimum Dose of 

Alum in Case of Artbrospira dominating 
Samples 45 

4.15 Effect of Copper Sulfate and Potassium 
Permangswoate on Anthrospira dominating 

Algae Removal 49 

4.16 Effect of Lime and Animal Charcoal on 

Algae Removal (Artbrospira dominating) 49 

4.17 Effect of Contact Time given for 

Potassium Permanganate on Algae Removal 49 

4.18 Effect of Heat !Preatment on Artbrospira 

doninating Algae 53 

5 . DISCUSSIOIT OP RESULTS 56 

6. GONCLUSIORS 64 

BIBLIOGRAPHY 66 



IIST OF FI QOSES 


Sage 


1 . 

TASTE AND ODOR CAUSING ALGAE 

■ 7 

2. 

FILTER CLOGGING ALGAE 

8 

3. 

ALGAE USED IN EXPERIMENTS 

21 

4. 

CALIBRATION CURVE FCE ALGAE CONCENTRATION 

25 

5. 

REMOVAL OF ALGAE WITH DIFFERENT CHEMICALS 

BY PLAIN SEDIMENTATION 

27 

6. 

REMOVAL OF ALGAE WITH DIFFERENT CHEMtCAIS 

BY PUIN SEDIMENTATION 

28 

7. 

REMOVAL OF ALGAE WITH DIFFERENT CHEMICALS 

BY plain SEDIMENTATION 

29 

8. 

EFFECT OF ALGICIDES ON REM)TAL OF ALGAE 

BY PLAIN SEDIMENTATION 

31 

9. 

EFFECT OF ALGICIDES ON REMOVAL OF ALGAE 

WHEN FLOCCULATION AND SEDIMENTATION IS 

DONE 

32 

10. 
and 11. 

EFFECT OF CONTACT TIME GIVEN FOR POTASSIUM 
PERMANGANATE ON REMOVAL OF ALGAE 

34 

12. 

EFFECT OF POTASSIUM PERMANGANATE ON THE 
OPTIMUM DOSE OP ALUM 

35 

13. 

EFFECT OF POTASSIUM PERMANGANATE ON THE 
OPTIMUM DOSE OF FERRIC CHLORIDE 

36 

14. 

EFFECT OF POTASSIUM PERMANGANATE ON ULOTHRIX 

47 



15. EBMOYAL OF lOW COlfCimAIIOU OF ARTHROSPIEA 
DOMINAriHS ALGAE TOH COPPER SOLFATE, POfAS- 
SIUM PERMEGAMB AEL ALOM 48 


16. EFFECT OF ALGICIDES OE OPTIIUM DOSE OF AIDM 

IE CASE OF ABTBROSPIEA DOMIEATIEG SAMPLES 50 


17. EFFECT OF COPPER SULFATE AED POTASSIUM 

PMSAEGAEATE OE ARTHEOSPIRA. DOMEEATIEG ALGAE 
RIMOYAL 51 


18. EFFECT OF LIME AED AEIMAL CHARCOAL OE ALGAE 

REMOVAL 52 


19. EFFECT OF COETACT TIME GIVEE FOR POTASSIUM 

PERMAEGABATE OE ALGAE REMOVAL 54 


20 . EFFECT OP HEAT TREATMEET OE ARTHROSPIRA 

DOMIEATIEG ALGAE 55 



LISI 0? TABLES 


Eage 


1 . EEPIXJT 01 CHLOEIUE ON ALGAE REMOVAL 38 

2. ElEECT 01 CHLORINE ON ALGA.B REMOVAL 39 

3. DETERMINATION 01 OBTIMJM CONTACT TIME 

ICR CHLORINE ICE REMOVAL 01 ALGAE 41 

4. DETERMINATION 01 OPTIMJM CONTACT TIME 

lOR CHLORINE lOR REMOVAL 01 ALGAE 42 

5. EllECT 01 LIME ON ALGAE REMOVAL 43 

6 . EllECT 01 ANIMAL CHARCOAL ON REMOVAL 44 

01 ALGAE 

7 . EllECT 01 IODINE ON ALGAE REMOVAL 46 



SYNOPSIS 


This study presents experimental investigation on the 
removal of algae with a wide variety of algicides and coagu- 
lants. The present work aims at finding out the most suitable 
and economical algicides that can be used in practice. In 
Chlorella dominated water it is foimd that copper sulfate, 
which is mostly accepted algicides for controlling algae, is 
ineffective. Potassium periuanganate a strong oxidisi3ag agent 
removes the algae to a greater degree than copper sulfate. 

It is also found that the optimum dose of proper coagulant 
reduces the dose of permanganate for the same removal of 
algae. Ferric chloride is found to be more efficient coagu- 
lant compared to alum, Phe experiments with chlorine reveal 
that it is effective in removal of algae but not as effective 
as potassium permanganate. Animal charcoal seems to be ineffec- 
tive in algae removal and is the case with Iodine. Contact time 
which is 8ui important parameter in the study seems to affect 
the removal of algae with algicides. 



1 . INaJlODUCTIOlf 


ISLcroblological growths in natural waters becaaie 
problematic due to tastes and odors contributed by them to 
the water and clogging effect on the sand filters resulting in 
short filter runs* Present methods of waste disposal are 
intensifying the nuisance organism problems in wat«r supplies * 
Fertilizing materials such as sewage and organic wastes from 
milk plants, canneries, paper mills and fertilizer factcsries 
greatly increase the productivity of the waters and their 
crops of algae and other planicton organisms. Algae are a 
problem when they become abundant. It is apparent, therefore, 
that problems of algae will become more widespread and severe 
as our growing urb^ populations and industry continue to 
discharge their wastes into streams. 

> 

Huff (1 ) observed that the algae of water supplies are 
minute forms of plant life, often too small to be seen with 
the naked eye. In structure they rank aau)ng the simplest of 
plants, yet in conquest of the earth they have been preeminently 
successful. They are found in lakes and rivers, ditches, ponds, 
TBB&CYoixBf in fact wherever natural waters are exposed to the 
li^t. According to Palmer (2) the number and kinds of algae 
and other organisms which grow in surface waters depend on 
environmental conditions. In muddy streams su^ as the 
Missouri, turbidity limits li^t penetration sufficiently so 



'tha'I fewer probleioe occur from algal growths . When iMpound.** 
meats are built in such a stream they create settling basias 
in which the water clears aod algal growths develop* produc- 
ing tastes and odors or other nuisance conditions. Pool size* 
shape* depth* amount of shore line* extent of shoal areas* 
character of the bottom, physiography and soils of the water- 
shed* amount and rate of precipitation, sunlight and quality 
of the water are all factors influencing the growth of algae 
in a reservoir. Some species do not grow readily in the 
absence of bacteria* indicating that bacteria may produce some 
material needed by the algae. 

Short filter runs at Detroit (5) daring the winter and 
early spring have lasted as long as a month. The predoBiinant 
species causing short runs has appeared to be Asterionella. 
Treatment during algal blooms has consisted of the use of alum 
in excess and excess costs have been as hi^ as $ 13*000 per 
month during these periods. Some of the difficulties encoun- 
tered in the water treatment plant by the pres^oe of algae 
can be summarized as follows s 

i) Living or dead algae clog the filters 
ii) Taste and odor is imparted to the water by algae 
ill) Algae in contact with submerged concrete blocks may 
cause cox!^>lete disintegration of the concrete 
iv) The growth of algae corrode the metal tanks and pipes 
and form pits 



r) Some of the algae may aleo he toxic ani growth of 
such forms in rivers and reservoirs, whidh are the 
source of drinking water is a matter of great 
importance « 

Considerable attention is being paid to the control and 
removal c£ algae from natural waters . Identification and re- 
cording of algae concentration is essential because the measures 
taken for algal control depend upon the type and concentration 
of algae. It will not be an exaggeration to say that almost 
all surface waters are polluted to a greater or lesser extent . 

In tropical countries, because of the light and temperature 
algal growths are more abundant. In Kanpur the waterworks 
engineers are facing difficulties diiring stumaer months when 
the Ganges water carries a number of filter clogging algae. 

A survey of literature indicates that copper sulfate is one of 
the main chemicals used t o control algal growths • IPhere seems 
to he no definite work indicating copper sulfate as the best 
chemical for control of algae. A systematic study of the 
effect of various chemicals on removal of algae, it is felt, 
would yield valuable inforination in this problem. 

1 .2 Aim 

To study the effects of various algicides, Coagulants 
and other chemicals on the removal of algae from waters. 



1 .3 Scope 

fhe studies were conducted with, low aiad high eoncen- 
trations of algae . Two different soiirces of water containing 
two different predominant groups of algae were used. In one 
source Chlorella was domimting and in second Anthrospira 
was dominant. ?or a syst^jatio study many of the ch^iiLcals 
that are often used for controlling algae ware used in this 
study, namely, copper sulfate, potassium permanganate, chlorine 
lime, animal chctrcoal, iodine and the coagulants used were 
alum and ferric chloride. 

The pertinent literature on the subject briefly 
presented in the following chapter. 





2 . IITERATORE 


2 .1 faste and Odor Causing Algae 

Generally tinpleasant tastes and undesirable odors in 
waters are associated with each other because both are derived 
from the same source (4)* However, iron, magnesium, sulfate, 
sodium sulfate and sodium chloride cause taste only, fhe 
causes of tastes and odors in water supply could be divided 
into two categories (i) natural and (ii) man made. Problems 
due to natural causes include algae, leaves and decaying 
vegetation. The second category includes problems due to 
pollution with sewage and industrial wastes . Algae are the 
most frequent offenders among the natural causes of tastes 
and odors. Almost every surface supply is likely to be with 
sufficient concentration of algal growth to cause objectionable 
odors (5). The cause of offensive odors may be due to parti- 
cular kinds of algae as they die off, but on the rtiole, rarely 
taste and odor troubles are caused by living algae (6 ) . Odors 
imp a-rtfid by living algal growths are termed as “natural odors” 
to differentiate them from quite different and objectionable 
"odors of decomposition" caused by dying and decaying masses 
<xf algae ( T ) • 

Turre (8) classified distinctive odors, produced by 
algae, under three general terms: Aromatic, Grassy, and Eishy* 



Aromatic odors are due, chiefly to, Diatonffi, fhe strongest 
odor is produced by Asterionella, 3?he other forms are 
Cyclotella, Biatoma, Heridion, Synedra and fabellaria. Grassy 
odors are usually produced by blue green algae such as Anabaena, 
Aphanizomenon, Clthrocystls , Coelosphaerium and Cyllndrospemm. 
Fishy odors are perhaps the most disagreeable odors detected 
in drinking water supply* TJroglena idien abundantly present in 
water Imparts a cod Oliver odor. The other species whidh also 
produce fishy odors are Volvoz, Srdorina and liandorina. In 
Fig. 1, some odor causing algae are shown. 

2.2 Algae Causing Filter Clogging 

Bamage is caused by excessive algae in a numb^ of ways. 
The seasonal havoc they cause by interfering with filtration is 
only too well-known. Bapid sand filters which mi^t, under 
normal conditions, operate for 75 to 100 hours between washes 
sometimes have filter runs reduced to 2 hours (9). Biatoms 
such as Synedra, Mslosira, Asterionella; the yellow brown 
flagellate l&lloiM)Das, the green flagellates cChlamydomonas , 
Platymonas, and Euglena, the olive green flagellates Cryptomonasj 
and occasionally the green non-flagellated algae such as 
Bictyosphaerum, are responsible for filter clogging and they 
may support an active growth on the filters (10). The algae 
growing on the filters release oxygen during photosynthesis 
and keeps the filter aerobic. By diatoms clogging of the 
filter is speeded up because they have rigid cell walls. 

Some of the filter clogging algae are shown in Fig. 2. 
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2 .3 Oorroslon CauBing Algae 

Corrosion occurred due to prolific growth of Oscilla- 
tor ia algae in open steel tanks in the softening plant of the 
California Water and Telephone Co* (11)^ pitting was worst near 
the top of the tanks and did not occur at the bottom where 
lack of sunli^t prevented growth of algae, 

2.4 Toxic Algae 

According to Gorham (12) Gonyaulax Catenella, a species 
of alga belonging to dinoflagellate was responsible for shell 
fish poisoning on the Pacific coast of Worth America in 1937* 
Prymnesium parvum is a flagellate, belonging to the yellow- 
brown class of algae , that can live in fresh, brackish or 
marine waters. It causes periodic outbreaks of fish mortality 
in lakes and ponds, 

2.5 Control of Algae 

Control of algae is generally divided into three 
categories, chemical, biological and physical control. 

2,5.1 Chemical Control 

Different chemicals are being tried to control algae. 
Ihckenthun (13) observed that an ideal algicide for adequate 
control must kill the specific nuisance alga or algae. It 
should be non-toxic to fish and to most of the other organisms 
which serve as fish food at algae killing concentration. Also 
it should not harm seriously the ecology of aquatic area and 





•'be reasonable in cost". Since more than half a century the 
chemical which has mostly met above specifications for algae 
control has beai copper sulfate. 

Monie (14) has pointed out three important factors for 
control of algae with copper sulfate. These ares 

i) The ability to determine when it is necessary to 
treat a water supply 

ii) The ability to determine dose of copper sulfate 
to be applied for treatment 

iii) Treatment should be done in such a way that copper 
sulfate is uniformly distributed. 

There is no fixed dosage of copper sulfa t e suitable for any 
one condition. According to Whipple (15 ) seven factors are 
there on which the amount of copper sulfate to be applied for 
treatment depends: 

i) The kind of algae to be destroyed 

ii) The amount of organic matter present 

iii) The hardness of the water 

iv) The carbonic acid content 

v) The teii 5 >erature of water 

vi) The species of fish present 

vii) The amount of water to be treated 



Chase (16) reported that the doses of copper sulfate 
of 13i‘ lbs. per million gallon had to be given when the count 
of Anabaena increased. Uormal dose of copper sulfate was 2 
lbs. per million gallon. 

The effect of copper sulfate varies with various or^nisms. 
Copper sulfate owes its high degree of toxicity to the lower 
plants due to the copper ion. The toxicity of the copper ion 
is highest for the siBQ)lest algae » the cynophyceae (blue green) 
and lower for the more hi^ly developed forms of the chloro- 
phyceae (green algae). Rrotozoa are less susceptible. Diatoms 
are easily killed (17). 

Bauer (18) observed that copper sulfate considerably 
reduced the threshold odors and turbidity and it is assumed that 
treatment of copper sulfate with 3-4 days reaction and settling 
time will kill sufficient quantities and types of algae to bring 
the quality of raw water to levels treatable and controlable 
within the plant. 

In Eichmand wat®r treatment plant (19) copper sulfate 
is added twice, firstly before treatment and secondly after 
treatment to avoid algae in the distribution system. 

Potassium permanganate has been used both in taste and 
odor control and iron and mangnese removal atleast three other 
uses are reported, manganese oxide hydrate acts as a coagulant 
aid, and potassium permanganate acts as a both bactericide and 
algicide (20). 



In DuByne's (21) water treatment plant potassiiim 
permanganate has been found to be very effective against off 
flavors that are caused by algae. 

Welch (22) reported that potassium permanganate elimi- 
nates tastes and odors by means of oxidation and adsorption, 
but this statem«Qt requires some clarification. Although 
potassium permanganate is an extremely strong oxidizing agent, 
the permanganate itself is not an adsorbing agent • It is the 
complax insoluble manganese oxide hydrates, formed during the 
oxidation process, that acts as adsorbent. In water treatment 
plants where potassium permanganate is being used in pretreat- 
ment, it is possible to carry a free chlorine residual of 1 ppm 
or more and no chlorine odor will be detectable. 

Gleasby et al (23) observed that the bacterial kill due 
to potassium permanganate did not obey Chifc*s law (death rate 
is proportional to the number of organisms remaining) . Due to 
strong affinity of potassium permanganate for organic matter 
a constant disinfection rate would not be encountered in any 
natural water. 

Cherry (24) reported that to reduce a 200 odor to 7, 

7 mg/l of permanganate (eqiii valent to 13*5 mg/1 of carbon on 
cost basis) was required, carbon was not added. 30 mg/l of 
carbon dosage is required to reduce 200 odor to 40 with same 
treatment. When the odor of the raw water dropped to 40, 1 mg/l 
of potassium permanganate reduced the threshold odor of water 



to 5 , before filtration; 55 ml/l of carbon reduced tbe odor 
only to 10* fbese results show that potassiuii periaanganate 
is very effective in reducing odors compared to activated 
carbon. Kemp et al (25) found that growth of nearly half of 
the blue green algae was inhibited by the 4 ppm concentration 
of potassium permanganate and that most of the algae was 
controlled by the 8 ppm concentration. The algicidal activity 
of potassium permanganate probably results from its strong 
oxidizing action. The rate of this reaction is greatly affected 
by the amount and kind of organic material living and dead, 
present in water. 

lalin (26) reported that with 5 ppm of chlorine and 
6 gpg (Imp) of alum all Euglena could be removed, while with 
6 gpg alum only, removal of Euglena was less than 50^. Alum 
and chlorine were added together, 

Por controlling algae in a swimming pool, chlorine 
treatment in large amounts gave satisfactory results (27)* 
Dechlorination was essential to bring down chlorine content 
to proper concentration. 

According to Ife-ngun (28) when chlorine was applied to 
the reservoir water, containing sjmedra, the suddenness of 
their disappearance was almost magical. At no subsequent time 
have any organisms appeared which have failed to yield to the 
treatment and no after effects have been observed. 



Cohen (29) reported that chlorine dosage at the rate 
of about one part per million was applied to the water sources, 
namely sprii^ and a well reservoir. As long as application 
of chlorine was continued, it consistently succeeded in pre- 
venting a recurrence of the heavy algae growth* However, 
complete freedom from algae forms was not attained, probably 
due to constant reseeding from the spring supply, Cohen has 
given advantages of using chlorine for algae control, which 
are as follows: 

(1 ) Since chlorine can be employed as combined bactericide 
and algicide, the expense of installation and operation 
of additional chlorine units is not excessive. 

(2 ) The chlorine which necessarily maintained to insure 
sterilization becomes effective toward inhibiting a3gae 
growth . 

(3) 5he simplicity and econony of chlorine application and 
the minimum of labour and experience involved recommend 
its use* 

(4) Since chlorine does not remain in the treated water 
no danger exists in cases of overdosing. 

Pitzegerald (30) reported that 2-3 dichloro naptho- 
quinone is lethal to blue green algae at a concentration of 
2 g/l, This compound known to be an effective fungicide, seem 



to be selectively toxic to the bloom producing blue green 
algae and higher quatic plants . In short term tests it had 
no toxic effect on fish snd other aquatic organisms even when 
a dose of 100 g/l of 2 - 3 dichloro napthoqulnone was given. 

Spray applications (31 ) of 2 - 3 dichloro napthquinone 
(2-3 CSQ) suspensions to give overall concentrations from 
30 to 55 ppp in the lake, clumped and effectively killed even 
heavy growths of blue green species. The chemical treatment 
had no observable harmful effects on green algae, higher 
aquatic plants, fish or zooplankton. In cases of rapid re- 
currence of growth of the blue green algae, repeated appli- 
cations are necessary. The lasting effect of treatment, however, 
may be indirectly increased by vigorous growth of green algae 
and higher aquatics following the suppreEsion of blue green. 

laboratory and field studies show that 3 - (p-chloro- . 
phenyl )-1, 1 dimethyl urea (CMJ) is an effective algicidal 
agent (32). It was found in the laboratory tests that 2 ppm 
of CMJ prevented all the species of blue green algae and diatoms 
tested. While applying CMC care is to be taken. It is a selec- 
tive herbicide at certain concentrations, but it is soil steri- 
lant at hi^er concentrations. 

2 ,5 .2 Biological Control of Algae 

When feasible nuisance growths of algae can be limited 
or prevented by limiting the area of shallow water in reseiJvoirs 
by maintaining high water levels and by limiting nutrients from 



soil erosion, sewage and treatment plant effluents and other 
sources (9). 

Algae was controlled In a pond by stocking fish (32). 
Microscopic organisms form the basis of the food supply of fish 
and other aquatic animals* (Dhis relationship is summed as no 
plankton no fish. Pish when feeding, swims with its mouth open* 
The water enters the mouth and passes out throu^ the gills, 
which acts as a filtering apparatus by which the minute orga- 
nisms are cau^t. 

Safferman (33) reported that the destructive power of 
the blue green algae (BGA) virus could serve as a hi^ly potent 
and selective algae control, thus making it possible to eliminate 
the use of the potentially dangerous chemicals that are presently 
employed in the treatment of algae problems* Because of the 
highly selective nature of viruses, it seems unlikely that the 
virus would infect other plants or animals. Consequently, no 
toxicity problems should be encountered upon treatment of water 
supplies with such agents. 

2 *5 .3 Physical Control of Algae 

Micros training is a form of simple filtration. The object 
of microstraining is the clarification of liquids by filtering 
out a large portion of the suspended matter present in water sup- 
plies or, in some applications, sewage effluents. Ghlorophyceae 
(green algae ) and cyanophyceae (blue green al^e ) have given 



trouble in the past. Ho difficulty is anticipated in removing 
them from the water by microetraining . The microstraining unit 
is mounted in and on a rectangular steel tank. The steel tank 
is divided into a small raw-water chamber located at one end} 
and a chamber of strained water. In the strained-water chamber 
a rotating drum unit is located. The drum is" driven by an 
electric motor directly connected to a variable speed reduction 
gear. Speeds of the drum can be varied from 0*5 to 4.0 rpm. 

The periphery of the drum is covered with a fine stainless steel 
cloth. This mierostraining fabric has 160,000 openings per 
square inch, with size as small as 23 . The water to be strained 
enters the drum axially and flows radially throu^ the fabric (34). 

According to Berry (35) the microstrainers are effective 
in the removal of algae. The cost of treatment is normally low. 
They can be used either as the sole treatment for community and 
industrial water supplies, or they can be a valuable primary 
treatment ahead of filtration. 

Tastes and odors were eliminated from the pond of 108 acres 
that furnishes the supply of Pembroke and two other Massachusetts 
towns by use of activated carbon without subsequent filtration 
(36). Copper sulfate applied at 3 ppm was ineffective, so copper 
sulfate followed by activated carbon was tried, both applied from 
motors , copper sulfate at the rate of .6 ppm, and carbon at 1 .25 
ppm. The next day no taste, odor, turbidity or carbon was found 


in the tap water. 



Activated carbon was applied by dryfeed equipment to the 
suction line of raw water pumps at the Brandywine pumpii^ station 
at a rate of 2 ppm (37)* The carbon was thoroughly mixed during 
its passage thrcug^ 2 miles of 48 inches main before the water 
entered the reservoir* The 2 ppm rate appeared to allow a pene- 
tration of sunlight about 1*5 to 2 ft. The reduction in algae 
count due to the blackout resulted in lower dosages of alum, 
chlorine and copper sulfate. Washwater use was reduced and 
overall improvement of taste and odor conditions was experienced. 

The materials used and the methods employed for the study 
are described in the following chapter. 



3. mTmikJS AHD METHODS 


3 .1 Types of Algae Used in Experiments 

In the present study, in all, three dominating algae 
were used, Chlorella, Ulothrix and Arthrospira. The descrip- 
tion of each alga, used in experiments, is given below. 

3.1.1 Chlorella 

Chlorella comes under green algae. It is single celled. 
Chlorella contains a single tJ-shaped chloroplast that lies 
adjacent to the cell wall. If the cell under observation is 
oriented correctly, the shape of the chloroplast and its 
location within the cell may be distinctly seen. It has been 
employed extensively in studies on photosynthesis and respira- 
tion. It may well be that from Chlorella we shall learn the 
secret of combining water and carbon dioxide to form sugar (38)* 
Sketch of Chlorella is shown in Pig. 2. 

3.1.2 Ulothrix 

Ulothrix belongs to the group of green algae. It is 
a common thread like alga, its short cells each containing a 
single nucleus ftud a large, gridle— shaped chloroplast* It forms 
a hairy covering on rocks in cool streams and similar situations, 
but it can live equally when unattached. Each filament is 
attached to the rock or other solid object by a basal cellor 
hold fast, which is narrow, elongate, and generally lacking in 
Chlorophyll (39) 



5.1 «3 Arthrospira 

Arthrospira comes under blue green algae. It is closely 
related to Oscillatoria, but is different from it in that 
Arthrospira plants are bent to the form of a regular spiral. 
Arthrospira may be found occasionally in stagnant or brackish 
water (40). 

3 .2 Sources of Algae. Used in Brnerlroents 

The three different types of algae were obtained from 
three different sources. Short description of these sources 
is as follows: 

3.2.1 Source of Chlorella 

The samples in which Chlorella were dominating, were 
obtained from the laboratory oxidation pond. ®aiB pond was 
being used for the treatment of the fertilizer factory wastes. 

The light was provided by means of tube lights. When the pond 
started working Chlorella were dominating, and they remained 
dominating till end. 

3.2.2 Source of Ulothrix 

Ulothrix were obtained from a small canal, in the nursery » 
which is used for watering the plants, lot of Ulothrix were 
thriving on that water. The water contained fertilizer also 
since fertilizer was fed to plants aft^ dissolving in wat^* 

3.2.3 Source of Arthrospira 

Arthrospira dominating samples were obtained from the 
campus oxidation pond. The campus oxidation pond is used for 
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thre treatment of the domestic waste of the campus, 

3 .3 Cthemlcals used in the Study 

The cheMcals used in the experiments could he divided 
into two categories, (i) chemicals used for flocculation, and 
(ii) chemicals used to see their effect on algae removal, 
Chemieals used for flocculation were ferric chloride and alum. 

The chemicals, used to see their effect on algae removal, were 
copper sulfate, potassium permanganate. Chlorine, lime, iodine 
and animal charcoal, A brief description of how these chemicals 
were employed in present study is given. 

A solution of ferric chloride was prepared in a distilled 
water by dissolving 5 g, of ferric chloride in 500 ml. water. 
Hence 1 ml. of this solution was equivalent to 10 mg. of ferric 
chloride. Two to three drops of strong hydro chloric acid were 
added to this to avoid precipitation, 

10 gms , of aluminium potassium sulfate was dissolved in 
distilled water, so that 1 ml, of this solution contained 10 mg. 
of alum. 

0.5 gm. of copper sulfate was dissolved in distilled 
water. Few drops of strong sulfuric acid were added to this 
solution because in alkaline waters precipitation of copper 
carbonate takes place, 

A solution of potassium permanganate was prepared by 
dissolving 0.5 gm. of potassium permanganate in 500 ml. distilled 


water. One ml. of this solution contained 1 mg. of potassixim 
permanganate. The solution was kept in dark to aToid the 
reaction with light. 

The strength of chlorodak was found according to stand- 
ard methods (41 ) and then such amount of chlorodak was added 
to 500 ml. distilled water so that chlorine concentration was 
1 mg ./ml. Kie solution thus prepared was kept in a tight bottle 
so that chlorine may not escape. 

Calcium oxide was used to see whether it aids removal of 
algae. The required amounts were weighed on analytical balance 
and dry feeding was dcaie. 

The iodine solution of 100 mg./l. was prepared by dissol- 
ving iodine with potassium iodide in water. One ml. of this 
solution contained 1 mg. of iodine. 

To see the effect of animal charcoal on algae removal, 
it was fed dry to samples containing algae, after weighing 
required amounts on analytical balance. 

3.4 tfethods 

A jreliminary experiment was conducted to find the opti- 
mum wave length for Chlorella to find absorbance . The wave 
length was found to be 440 m . The optimum wave length for 
Arthrospira dominating samples was also found to be same. 

Calibration curve was prepared between algae concentration 
in mg./l. versus absorbance. The filter papers, lhatman No. 42, 



were dried in an oren, and weighed after cooling in dessicator. 

Different concentrations of algae (Ohlorella doBiinating) 
were prepared by dilutions, their absorbance were noted down. 
Wei^t of algae in respective samples was found by filtering 
500 ml. volume of algae through Waatman lo, 42, after drying 
in oven at 110®C for 30 minutes and then cooling in dessicator. 
Calibration curve is shown in Pig. 4. 

The concentrations of algae in all the experiments, 
except one that was conducted on Ulothrix, were found spectro- 
photometrically , lor flocculation stirrer was used. Measure- 
ment of pH was done with pH meter. 

Since disinfection is attained by heating the water (42) 
one asperimsnt was conducted to see the effect of heat treatment 
on algae removal. 

The details of the experiments conducted and the results 
obtained are given in the following chapter . 






4. BXEBRIIESTS AED EBSTJKDS 


Expemaentis were conducted with three different waters 
containing three different algae. In one water ChlGrella, 
the green algae, were dominating and second Arthrospira, the 
blue green algae, were dominating and in third Ulothrix, green 
algae were dominating. 

The volume of samples taken for all the experiments was 
500 ml. In all the experiments wherever flocculation and sedi- 
mentation were employed, the flocculation was done at 60 rpm 
for 15 minutes and the settling time given was 50 minutes (43). 

4.1 Removal of Alaae with Different Chem icals by Plain 
Sedimentation 

In this experiment to Chlorella dominating saiaples 
concentrations of 1 , 5 and 10 mg/l of different algicides 
namely, copper sulfate, potassium permanganate, chlorine were 
added. The chemicals were completely mixed by stirring and the 
allowed to stand. The beakers were exposed to sunli^t. The 
algae removal was found after every 24 hours up to 5 days. The 
results are shown in Pig. 5 to 7. 

4.2 Effect of Algicides on Removal of Algae by Plain 
Sedlmentat ion 

In this experiment the effect of copper sulfate and pota 
ssxum permanganate by plain sedimentation is seen. To the 
Chlorella containing sanples, the doses of copper sulfate and 
potassium permanganate varying from 0 to 18 mg/l were applied. 
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After mixing the samples were allowed to stand for 24 hours. 
Percent removal of algae was determined after finding the con- 
centrations of algae remaining in supernatant. The results are 
reported in Pig, 8, 

4.3 Effect of Algicides on Bemoval of Algae when 
Plocculation and Sedimentation is done 

To samples containing Chlorella different doses of copper 
sulfate were added. The doses used were 0 mg/l, 1 mg/l, 2 mg/l, 

3 mg/l, 4 mg/l and 5 mg/l. The contact time of 1 hour was given 
for copper sulfate to react with Ohlorella. After that 200 mg/l 
alum was added as coagulant to all the samples. All the samples 
were flocculated and allowed to settle. In the supernatant the 
concentration of remaining algae was estimated from which the 
percent removal of algae was found. The results are reported 
in Pig. 9. 

Similar experiment was carried out, with potassium permang- 
anate. The doses of potassium permanganate used were similar to 
those of copper sulfate. Pig. 9 shows results. 

4.4 Effect of Contact Time given for Potassium 
^epmanaanate on Reinoval of Alg^ 

This experiment was conducted to see the effect of con- 
tact time provided for potassiiua permanganate to react, on algae 
removal. Samples containing Chlorella were given a dose of 
2 mg/l of potassium permanganate. After allowing different 
contact times, varying from 0 to 4 hours, flocculation was done 
with 100 mg/l of alum followed by sedimentation. The algae 
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concentration reiaatning in the supernatant determined with 
spectrophotometer. The results are shown in Fig. 10. 

Similar experiment was conducted to find the effect of 
contact time on algae removal with 1 mg/l and 0.5 mg/l of pota- 
ssixm permanganate. The results are reported in Fig, 11 . 

4.5 Effect of Potassium Permanganate on the 
Optimum Dose of Alum 

In this experiment the optimum dose of alum with and 
without addition of potassium permanganate was determined. The 
doses of alum varying from 0 to fISOO mg/l were applied, floccu- 
lation and sedimentation was done and the percent removal of 
algae wets found by determining concentration Of algae remaining 
in the supernatant. Then similar experiment was conducted but 
in this case 2 mg/l of potassium permanganate was added to all 
the samples and a contact time of 2 hours was allowed. The 
flocculation was done by different dosages of alum and then 
sedimentation. The results are plotted in Fig. 12. 

4.6 Effect of Fotassium Permanganate on the 
Optimum Dose of Ferric Chloride 

In this experiment the optimum dose of ferric chloride 
with and without potassium permanganate was determined* To 
samples containing Chlorella the doses of ferric chloride vary- 
ing from 0 to 800 mg/l were applied, flocculation and sedimen- 
tation.was done. The concentration of algae remaining in the 
supernatant was found, to determine percent removal of al^e. 
Results are shown in Fig. 13. In similar experiment 2 mg/l of 
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potassluiQ perinangazia1;e was applied "to saicples containing Clalo— 
rella, 2 hours contact time was provided and then the different 
doses of ferric chloride were given, Flocculation was done and 
then sedimentation followed. To estimate percent removal of 
algae the concentration of algae remaining in the supernatant 
was found. The Fig, 13 shows the results, 

4.7 Effect of Chlorine on Algae Removal 

This experiment was conducted to see whether the removal 
of algae is enhanced by the addition of chlorine prior to flo- 
cculation, The doses of chlorine varying from 0 to 60 mg/l were 
added to Chlorella dominating samples, hour contact time 
was given and then flocculation was done with 100 mg/l of alum. 
Sedimentation was done after flocculation. In the supernatant, 
concentration of algae was determined to find the percent re- 
moval of algae , The results are tabulated in Table 1 . Similar 
experiment was conducted but in this case the doses of chlorine 
applied, varied frcm 0 to 150 mg/l. The results are tabulated 
in Table 2, 

4.8 Detenaination of Optimum Contact for Chlorine for 
Re^moval of Algae 

These experiments were carried out to find the optimum 
contact time for chlorine. The dose of 20 mg/l of chlorine 
was applied to the samples containing Chlorella. After provid- 
ing a contact time, which varied from 0 to 4 hoTirs, flocculation 
was done with 100 mg/l of alum sedimentation followed it. Per- 
cent removal of algae was found by det^mining the concentration 




table 1 . 


Effect of Chlorine on Algae Removal 
Initial Concentration of Algae 80 mg/l. 

pH =s 8 *5 

Contact Time = hour 


Jar Ho. 

Lose of 
Chlorine 

Lose of 
Alum 

Absorbance 

% Removal 
of Algae 

Control 

0 mg/l 

0 mg/l 

0.27 

- 

1 

0 mg/l 

100 mg/l 

0.22 

0 

2 

10 mg/l 

100 mg/l 

0.21 

4.55 

3 

20 mg/l 

100 mg/l 

0.19 

13.65 

4 

50 mg/l 

100 mg/l 

0.18 

18.20 

5 

60 mg/l 

100 mg/l 

0.15 

31 .80 


TABIM 2. 

Effect of Chlorine on Algae Removal 
Initial Concentration of Algae 82 mg/l . 
pH = 8.5 

Contact Time = 11- hour 


Jar Ho. 

Dose of 
Chlorine 

Dose of 
Alum 

Absorbance 

% Removal 
of Algae 

Control 

0 mg/l 

0 fflg/1 

0.28 

- 

1 

0 mg/l 

100 mg/l 

0.23 


2 

50 mg/l 

100 mg/l 

0,16 

50.4 

3 

80 mg/l 

100 mg/l 

0,15 

54.8 

4 

100 mg/l 

100 mg/l 

0.145 

37.0 

5 

150 mg/l 

100 mg/l 

0.135 

41.5 




of algae remaining in the supernatant. (The resuls are tabu- 
lated in Table 3 . Similar experiment was conducted but in this 
case dose of Ochlorine applied was 10 mg/l. In Table 4 results 
are tabulated. 

4.9 Effect of lAme on Algae Removal 

This experiment was conducted to see whether lime aids 
the removal of Ghlorella. The doses of lime (dry) varying from 
0 to 2 gm/l were applied to Ghlorella dominating samples. The 
contact time of 2 hours was given, flocculation was done with 
50 mg/l of alum followed by sedimentation. The pH of the 
supernatant and the concentration of algae remaining was deter- 
mined. The results are tabulated in Table 5 . 

4.10 Effect of Animal Charcoal on Bemoval of Algae 

The effect of animal charcoal on algae removal is seen 
in this experiment. The contact time provided was 2 hours. 

0 ?he doses of animal charcoal varying from 0 to 8 gin/l were 
applied to samples containing Ghlorella. 100 mg/l of alum 
was added for flocculation and then sedimentation was done . 

The results are tabulated in Table 6 . 

4.11 Effect of Iodine on Algae Removal 

Effect of iodine on algae removal was studied in this 
experiment • The doses of iodine used varied from 0 to 40 mg/l. 
Contact time of 2 hours was provided. The samples were then 
flocculated with 100 mg/l of alum and then sedimentation was 



TABLE 3 . 


Determiiaation c£ Optimm Contact Time tcfr 
Chlorine for ReBK>val of Algae 

Initial Concentration of Algae 51 mg/l 

pH s 8.6 

Bose of Alnm s 100 mg/l 


Jar 

, Bose of 
Chlorine 

Contact 

Time 

Absorbance 

Percent 

Eemoval 
of Algae 

1 

0 mg/l 

- 

0.115 

0 

2 

20 mg/l 

i hr. 

0.09 

21 .8 

3 

20 mg/l 

h hr. 

0.085 

26.1 

4 

20 mg/l 

1 hr. 

0.085 

26.1 

5 

20 mg/l 

2 hrs. 

0.085 

26.1 

6 

20 mg/l 

4 hrs. 

0.085 

26.1 




TABLE 4 


Determination of Optimum Contact Time for 
Chlorine for Removal of Algae 

Initial Concentration of Algae 51 mg/1 

pH = 8.6 

Dose of Alum =100 mg/l 


Jar Ho, 

. Dose of 
Chlorine 

Contact 

Time 

Absorbance 

% Removal 
of Algae 

1 

0 mg/l 

- 

0.115 

0 

2 

10 mg/l 

i hr. 

0.100 

13.05 

5 

10 mg/l 

is hr. 

0.100 

13.05 

4 

10 mg/l 

1 hr. 

0.100 

13.05 

5 

10 mg/l 

2 hrs. 

0.100 

13.05 

6 

10 mg/l 

4 hrs* 

0.100 

13.05 




TABLE 5 


Effect of Lime on Algae Renwval 
Initial Concentration of Algae 64 mg/l. 
pH = 8.9 

Contact Time = 2 hours 
Dose of Alum s= 50 mg/1 


Jar Ho. 

Lose of Lime 

Absorbance 

pH 

Percent 
leiaoval 
of Algae 

1 

0.0 gm/l 

0.215 

8.8 

0 

2 

0,4 gm/l 

0.165 

9.7 

46.5 

5 

0.8 gm/l 

0.01 

10.75 

95.4 

4 

1 ,2 gm/l 

0.000 

11 .8 

100.0 

5 

1 .6 gm/l 

0.000 

12.15 

100 


6 


2.0 gm/l 


0.000 


12.2 


100 




TABLE 6 


Effect of Animal Chao^coal on Eemoval of Algae 
Initial Concentration of Algae 72 mg/l 
pH * 9.0 

Contact Time = 2 Hours 


Jar Ho. 

Bose of 
Charcoal 

Bose of 
Alum 

Absorbance 

Percent Re- 
moval of 

Algae 

1 

0 gm/1 

100 mg/l 

0.20 

0 

2 

1 gm/l 

100 mg/l 

0.20 

0 

3 

2 gm/l 

100 mg/l 

0.175 

12.5 

4 

4 gn/l 

100 mg/l 

0.10 

50 

5 

6 gn/l 

100 mg/l 

0.085 

57.5 

6 

8 gmA 

100 mg/l 

0.045 

77.5 


employed . Eesults of the experiment are tabulated in (Table 7 . 

4.12 Experiment on IJlothrix with Potassium Permanganate 

(Phis experiment was carried out to see the effect of 
potassium permanganate on Ulothrix. fhe doses of potassium 
permanganate applied were 0, 2, 5 and 10 mg/l. After 8 days 
the height of algae zone from bottom was measured in each jar. 

(Phe results are shown in Pig. 14. 

4.13 Removal of Low Concentration of Arthrospira IJorninating 
Algae with Copper Sulfate. Potassium Permanganate and 
Alum 

On low concentration of Arthrospira dominating samples 
the experiments were conducted. (The doses ot potassium permanga- 
nate varying from 0 to .8 mg/l were applied to the samples. (Phe 
contact time of 1 hour was given and then flocculation was done 
with 50 mg/l of alum followed by sedimentation. Since the sam- 
ples were very dilute centrifuging was done at 5000 rpm for 15 
minutes. 40 ml samples were used for centrifuging after that 
samples were reduced to 5 ml and then concentration of algae 
was found. Similar experiment was conducted by applying copper 
sulfate. Pig. 15 shows the results. 

4.14 Effect of Algicides on Optimum Dose of Alum in Case 

of Arthrospira Dominating Samples 

5(his experiment was carried out to find the effect of 
copper sulfate a'nd potassium permanganate on the optimum dose 
of alum. Pirst experiment was conducted without addition of 
either potassium permanganate or copper sulfate. Only floccu- 
lation was done at 0 to 1000 mg/l dosages of alum which was 






TABLE 7 


Effect of Iodine on Algae RemoTal 
Initial Concentration of Algae 32 mg/l. 

pH * 8.9 

Contact Time * 2 hotxrs 


Jar Ho. 

Dose of 
Iodine 

Dose of 
Alxim 

Absorbance 

% RemoTal 
of Al^e 

1 

0 mg/l 

100 mg/l 

0.055 

0 

2 

5 mg/l 

100 mg/l 

0.055 

0 

33 

10 mg/l 

100 mg/l 

0.05 

9.1 

4 

20 mg/l 

100 mg/l 

0.05 

9.1 

5 

40 mg/l 

100 mg/l 

0.04 

27.2 








followed by sedimentation. In tlie second experiment 4 mg/l 
of potassium permanganate was applied contact time of 1 hour 
was given and then flocculation was done with different dosages 
of alum. S imi lar procedure was adopted with copper sulfate. 

The results are plotted in Pig. 16. 

4.15 P'f^fect of Copper Sulfate and Potassium Permanganate 
on Arthrospiia Dominating Algae Removal 

In these experiments effect of copp^ sulfate and pota- 
ssium permanganate on the removal of Arthrospira was seen. 
Different dosages of copper sulfate varying 0 to 50 mg/l were 
applied and contact time of 1 hour was given. Flocculation 
was done with 200 mg/l of alum followed by sedimentation. 

Similar procedure was repeated with potassiiua permanganate. 

The results are shown in Pig. 17. 

4.16 Effect of lime and Animal Charcoal on Algae 
Removal (Arthrospira Dominating ) 

These experiments were conducted to find the effect of 
lime and animal charcoal on the removal of Arthrospira domi- 
nating sanples. The doses of lime varying from 0 to 5000 mg/l 
were given. Contact time of 1 hour was provided and then 
flocculation was done with 200 mg/l of alum and then sedimen- 
tation followed. Similar procedure was adopted with animal 
charcoal. The results are shown in Pig. 18. 

4.17 Effect of Oonaact Time Given for Potassium Perman ganate 
on Algae Removal (Arthrospiral Domlimtin^ 

In these experiments the effect of contact time for pota- 

sium permanganate on removal of Anthrospira dominating samples 
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was studied. In one case dose of 2 mg/1, and in other 0.5 mg/l 
of potassixim permanganate was given. Contact time was varied 
from 0 to 5 hours. Flocculation was done with 200 mg/l of alum 
followed by sedimentation. The results are shown in Pig. 19. 

4.18 Effect of Heat Treatment on Arthrosoira 
Dominating Algae 

The samples in which Arthrospira was dominating were 
taken in beakers and heated for ten minutes at temperatures 
varying from 43 ®C to 83 ®C. Then sedimentation was done fear 
1/2 hour. The results are shown in Pig. 20. 

The discussion of the results, obtained from the experi- 
ments conducted, is given in the next chapter. 
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5 . DISCUSSION Ol* BESUITS 


The Figs, (5 to 7) indicate that when copper sulfate 
was used in concentrations of 1 , 5 and 10 mg/1 and 3 days time 
was given, it did not aid in removing chlorella. 5?his supports 
that copper sulfate is ineffective against Chlorella as reported 
by Palmer (2), 

Chlorine affected Chlorella. Almost 100 percent removal 
was obtained in three days at 5 and 10 mg/l dose, while only 
66 percent removal occurred in three days at the dose of 1 mg/l. 
Phese results indicate that chlorine could be used in concen- 
tration of less than 5 mg/l for control of Chlorella provided 
longer contact times and sedimentation times are available 
(Pig. 5 to 7). 

Of the three chemicals used potassixxm permanganate seems 
to be most promising for control of Chlorella in low concentra- 
tions. With 5 mg/l of potassium permanganate complete removal 
of Chlorella is obtained within 24 hours, even though 1 mg/l was 
not much effective for the same time. The use of potassium 
permanganate as an algicide for Chlorella was mentioned by 
Fitzgerald in the year , who was working with pure cultures 
of Chlorella to differentiate the algicldal and algistatic effect 
of chemicals. No other report could be found on the effect of 
potassium permanganate in natural water for control of Chlorella 
(Pigs. 5 to 7). 



It can be broadly concluded from above results that 
potassium permanganate is much better suited for the removal 
of algae specially when they are Chlorella, 

Ihe results shown in Fig. 8 indicate that copper sulfate 
even with 18 mg/l concentration removed less than 15 percent 
of Chlorella while potassium pacmanganate removed almost all 
the algae in 8 mg/l. This shows that copper sulfate does not 
aid removal of Chlorella while potassium permanganate enhsuaces 
the removal. 

Pig, 9 shows that only 9. percent removal was obtained 
with coppo? sulfate at the dose of 5 mg/l, while potassium 
permanganate gave 95 percent removal at the dose of 5 mg/l. 

This shows that copper sulfate did not aid in flocculation of 
Chlorella, but potassium permanganate aided flocculation. In 
the literature it is mentioned that potassium permanganate aids 
coagulation. 5?he results obtained here support it. 

I 

All these results point to one thing, copper sulfate does 
not aid removal of Chlorella, hence the ui^ of copper sulfate 
where Chlorella is dominating should be abandoned. The general 
tendency of waterworks people is to dump some amount of copper 
sulpate in water, whenever there is algae problem. The results 
obtained here show that copper sulfate, atleast, is a failure 
when Chlorella is dcmdnating, Wh«i the dominating algae are 
Chlorella potassium permanganate should be applied to overcome 
the problem. Since potassium permanganate is a strong oxidizing 
agent and aids in coagulation author feels that potassium 



pennanganate aay be the best solution to resove algae from water 
even when some other forms of algae are dominating* 

In Pig. 10 and 11 the effect of contact time on algae 
removal is shown. In Pig. 10 the removal of algae is only 27 
percent when potassium permanganate (2 mg/l) is added with alum 
i.e. wh«i contact time given is zero but 75 percent removal is 
obtained when two hours contact time sis given. Pig. 11 also 
shows that removal is increased with time up to 2 hours. In 
Pig. 11 one other thing is also pointed out that when less dose 
(0.5 mg/l) of potassium permanganate is added the removal does 
not increase with time indicating that low doses of potassium 
permanganate are not enough for a reasonable removal of algae* 
Since contact time is of importance, to provide a required con- 
tact time, potassium permanganate may be added at the intake 
so that it will get certain contact time while it reaches water- 
works. But if this time is very less the construction of basin 
to provide required contact time, before it enters the floccu- 
lation chambers is advisible. Where the water .source is some 
reservoir and if it is not very large and used only as a source 
of water supply to provide a contact time is no problem, since 
potassium permanganate could be added to the reservoir itself. 
However if the capacity of reservoir is very large it is better 
to apply potassium permanganate at the intake rather than apply- 
ing huge amounts to the whole reservoir. 



Pig. 12 shows that 750 mg/l of alum is required for 
the complete removal of algae. Other conditions keeping 
similar when X fflg/l of potassium permanganate is added and 
two hours contact time is given 100 percent removal is achieved 
with an alum dose of 400 mg/l. fhis indicates that the opti- 
mum dose of alum is reduced by the addition of 1. mg/l of 
potassium permanganate to 400 mg/l. 

fhe optimum dose of ferric chloride required for IOO56 
removal of algae was 550 mg/l (Pig. 15 )• fhis dose was 
reduced to 280 mg/l when f_ mg/l of potassium permanganate is 
added. This shows that potassium permanganate enhances the 
removal of Chlorella when flocculation is done. 

Prom Pigs. 12 and 13 it can be concluded that the 
addition of potassium permanganate reduces the coagulant dose. 

The optimum dose of ferric chloride (550 mg/l) is less^ 
than the optiarum dose of alum (800 mg/l) as can be seen from 
Pig, 12 and 13. This shows that ferric chloride is little 
more effective in removing Chlorella than alum. This may be 
because algae are inhibited at higher concentration of iron 
( 2 ). 


Tables 1 and 2 show the effect of chlorine on algae 
removal when flocculation is done. Eemoval of Chlorella was 
not much enhanced by chlorine even when doses up to 150 mg/l 



were given. At the dose of 150 mg/l of chlorine, algae 

removal obtained was 41 .3 percent showing that chlorine is 
not very effective in removing Chlorella. It was origiimlly 
believed that nascent oxygen, produced by the reaction of 
chlorine with water, accomplished the destruction of bacteria. 
A plausible explanation is the theory that chlorine unites, 
at least in part, with the cell structure of the bacteria to 
form chloro-products that act as toxic poisons to bacteria, 
however, this may not be true in ease of algae and since chlo- 
rine is less powerful oxidising agent compared to potassium 
permanganate it did not give appreciable results. 

The effect of contact time allowed for chlorine to 
react with Chlorella is shown in Tables 3 and 4. Optinum 
contact time for 10 mg/l dose is 15 minutes while it is 30 
minutes for 20 mg/l of chlorine. At the dose of 10 mg/l dose 
only 13 percent removal was obtained after 15 minutes while 
with 20 mg/l dose of chlorine after 15 minutes 21.8 percent 
was obtained and after thirty minutes the removal of algae 
obtained was 26.1 percent and then it remained constant for 
rest of the time indicating reaction of chlorine is fast. 

Rie 

Riehl et al (45) reported that by adding lime in suffi- 
cient amount to produce a pH value of 10.5 - 11.0 or even 
sli^tly hi^er, several benefits are obtained s an increased 
amount of magnesium is removed from the water; clarification 
is improved usually with less coagulent; and quite important 



there Is a pronounced bactericidal effect. On the other hand, 
there have been some observations of chemical attack on non- 
ferrous metal by the water at hi^ pH levels. 

No reference was found where lime was used for algae 
removal . The experiment shows (Table 5 ) that 1 00 percent 
removal of algae can be obtained by lime but the pH at that 
dose lime becomes very hi^. Hence, the use of lime for algae 
control does not have much practicability. 

Since the activated carbon is used in many water works 
for the removal of taste and odor and also for algae control 
at some places, the experiment was conducted to see its effect 
on the Chlorella dominating water. 

However, the experiment conducted (Table 7) did not 
give encouraging results . This shows that carbon cannot be 
separately as such used for algae control. It might give good 
results when coupled with other chemicals. 

Black et al (46) reported that iodine has been shown to 
be extremely effective for the disinfection of two public water 
supplies. The physical and chemical properties of iodine make 
it particularly suitable for use as a water disinfectant. 
Because its vapor pressure is only 0.31 nay be stored indefi- 
nitely in non-metallic containers and at atmospheric pressure 
without appreciable loss or deterioration. Althou^ its water 
solubility is not high, its saturated solution is sufficiently 
concentrated for feeding purposes. Iodine's low chemical re- 
activity, least of all halogens , means that low^ residuals are 



only 75 percent removal was obtained with 50 mg/l of copper sul- 
fate and 200 mg/l of alum, This shows that potassium permanga- 
nate is more effective compared to copper sulfate 

Pig. 18 shows that almost 100 percent removal was obtained 
with lime at the dose of 2000 mg/l of lime and 200 mg/l of alum 
but the pH became 11.6. Hence the use of lime cannot be sugges- 
ted. Animal charcoal did not give very encouraging results. 

Pig, 19 shows that the reaction of potassium permanganate 
while reacting with algae is time dependent and the contact time 
plays an important role. 

As can be seen from Pig. 20 heat treats^nt aids in 
removal of algae. The removal became almost constant from 73 
to 83^0. 


The c oiclusions , drawn from the present study, are given 


in the next chapter 



6. COICITJSIOIS 


1 . Copper sulfate, the most widely and commonly used algi- 
clde, does not aid the removal of algae when th^ are Chlorella. 

2. 9!he removal of Chlorella dominating algae is enhanced by 
potassium permanganate* 

3. Contact time required for potassium permaz^nate to 
react with algae plays an important role. 

4. Optimum dose of coagulant is reduced by the addition of 
potassitm permanganate. 

5. Perric chloride is more effective compared to alum in 
removing Chlorella by coagulation. 

6 . f hou^ chlorine helps in removal of Chlorella dominating 
algae, it is not very effective compared to potassium permanganate. 
The time required for chlorine to react with algae is compara- 
tively less. 

7. Algae removal (Chlorella dominating) is enhanced by lime 
but the doses are such that pH becomes high. Same is true for 
Arthrospira dominating algae. 

8* Animal charcoal was ineffective in removing Chlorella 
at low dosages, this applies to Arthrospira also. 



9. The removal of Chlorella dominating algae is not aided 
by iodine. 

10. Ulothrix could be controlled with potassium permanganate. 

11. Potassium permanganate is more effective compared to 
copper sulfate in removing Arthrospira, 

12. Eemoval of algae could be enhanced by heat treatment. 
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